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22 (119) 24 (98) 26 (95) 16 (201) 27 (90) 5 (591) 10 (436) 13 (216) 18 (162) 21 (130) FBN1, VWF, ANXA2, OMD, COL5A2, THSD4, CCDC80,  SPARC, LAMA2, BMP4, ELN, OGN, BGN, TGFBI, ASPN,  ADAMTS2, CTGF, MMRN2, DCN, FMOD, ECM2, WNT5A,  COL3A1, MMP25, LAMC3, COL5A1, COL6A2, HSPG2,  HAPLN3, COL15A1, NID2, EGFLAM, COL6A3, COL1A1,  MMP2, LUM, CTHRC1, NID1, LAMA4, chr6: 31,130,750 -31,146,350 chr1: 26,725,400 -26,751,300 chr11: 31,797,600 -31,875,000 chr9: 126,736,200 -126,807,600 Figure S3 OTX2  FOXG1  LHX2  EMX1  GSX2  SIX3  DLX2  PAX6  EN1  EN2  LHX1  LMX1A  PAX5  SIM1  GBX2  HOXA2  HOXA4  IRX3  ATOH1  SKOR2  GDF7  PAX7  FOXA1  FOXA2 Figure S6 . Related to Figure 6 . (A-B) Differentially expressed protein coding genes between H9 and EB were ranked by their transcripts abundance ratio between H9 and EB. DNA methylation differences (mCG -H9) for regions +/-20kb from TSS were plotted. (C-D) Differentially expressed protein coding genes between EB and CO 60d were ranked by their transcripts abundance ratio between EB and CO 60d. DNA methylation differences (mCG -EB) for regions +/-20kb from TSS were plotted. For (A-D), genes with RPKM>1 in at least one CO differentiation sample were included in the analysis. (E) Brower views of mCG remodeling at Nanog, Lin28b and Podxl promoters in CO differentiation and human cortical development. (F) K-means clustering of CG methylation patterns at CO 60d ULMRs that overlapped with CO 60d TSS and CO hypo-DMRs. (G-I) Histone modification H3K4me3, H3K27me3, gene expressions in CO differentiation and human cortex developments were plotted for clustered ULMRs or associated genes in (F). (J and K) Average relative gene expressions (Z-score) for hyper-mCG promoter clusters in Figure 6D (J) and hypo-mCG promoter clusters in Figure S6F (K).
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Supplemental Information Supplemental Experimental Procedures Cerebral organoid differentiation
COs were generated following exactly the previously established protocol and using an orbital shaker for agitation (Lancaster et al. 2013; Lancaster and Knoblich 2014) . For RNA-seq analysis, the following samples were collected from each of two independent batches: H9 hES day 0 (remaining cells from EB generation), 5 pooled EBs day 18, 3 pooled COs day 40, 3 pooled COs day 60. Samples were homogenized in 1 ml Trizol reagent (Thermo, cat. #15596026) and RNA was extracted according to manufacturer instructions. 1 µl GlycoBlue (Thermo cat. # AM9516) was added during isopropanol precipitation to facilitate RNA pellet visualization. For DNA methylation analysis, the following samples were collected from each of two independent batches: H9 hES day 0 (remaining cells from EB generation), 3 pooled EBs day 16, 3 pooled COs day 40, 3 pooled COs day 60. DNA was collected using the DNeasy kit from Qiagen and DNA was eluted in 200 µl of water, except for the EB16 day sample, which was eluted in 100 µl because of the small size of the sample at that time point. 
Methyl-Seq and RNA-seq library preparation
Bioinformatics of methylome data
MethylC-seq reads were mapped to hg19 reference genome using MethylPy (https://bitbucket.org/schultzmattd/methylpy/wiki/Home, Lister et al., 2013; Schultz et al., 2015) . Significantly methylated cytosine sites were identified using a binomial test for each tri-nucleotide context with FDR < 0.01 (corrected by benjamini hochberg method for multiple testing) as described in Ma et al., 2014. Non-conversion rate was computed separately for CG and non-CG contexts from the unmethylated lambda DNA control (Table S1 ).
The methylome data of cortex and ganglionic eminence derived neurospheres were produced by NIH Roadmap Epigenomes Project (Roadmap Epigenomics Consortium et al., 2015; Gu et al., 2016) . WIG files for neurosphere samples were downloaded from NCBI GEO accession GSM1127055, GSM1127118, GSM1127121, GSM1127124 and GSM941746. WIG files for non-neural cell cultures were downloaded from GSM1127120, GSM1127056 and GSM1127058. DNA methylome of HepG2 and GM12878 cell lines were generated by ENCODE. WIG files for hESC and iPSC lines were downloaded from GSM1112840 (HUES64), GSM1112841 (HUES64), GSM1127122 (UCSF-4), GSM706053 (iPS DF 19.11), GSM706057 (iPS DF 6.9) and GSM706059 (H9). The sequencing reads were downloaded from ENCODE data accession ENCSR881XOU and ENCSR000AJI and processed identically as CO methylome. Methylome data for H1 HESC and H1 derived neural progenitor cells (NPC), mesendoderm (ME) and mesenchymal stem cells (MSCs) were described in Xie et al., 2013 and downloaded from NCBI SRA acession SRP000941.
Non-CG methylation analysis
The identification of mCH can be affected by SNVs present at cytosines or immediately downstream of cytosines. We analyzed the output of Samtools mpileup tool that was generated using mapped MethylC-seq reads as input to filter out cytosines with SNVs present at cytosines or within two bases immediately downstream ). The acceptable characters in the fifth column of mpileup output for each reference base is shown below. Cytosine positions with unacceptable characters found at the cytosine position or within two bases immediately downstream were excluded from the analyses.
Reference base Acceptable characters C .,T\$^~ G .,a\$^~ A .,\$^~ T .,\$^~
The identification of DMRs, UMRs, LMRs, DMVs and hypo-DMR blocks Pairwise differentially methylated CpG sites (DMSs) were identified with DSS with FDR < 0.1 between CO differentiation samples (Feng et al., 2014) . Differentially methylated regions (DMRs) were defined by joining DMSs showing the same direction of differential methylation and if they were located within 250 bp of each other. A DMR needed to contain at least two DMSs. Regions that overlapped with DMSs with reversed direction of differential methylation were excluded. DMRs showing reduced mCG level during CO differentiation were combined requiring 1 bp overlap and were referred to as CO hypo-DMRs; DMRs showing increased mCG level during CO differentiation were combined requiring 1 bp overlap and were referred to as CO hyper-DMRs.
UMRs, LMRs and DMVs were identified as described in Mo et al., 2015 using MethylSeekR (Burger et al., 2013) . DMVs identified from all cerebral organoid samples were merged using linux cat, bedtools sort and bedtools merge tools (Quinlan and Hall, 2010) .
Hypo-DMR blocks were identified by first scanning the genome with a 1Mb sliding window and step size of 100 kb. Windows containing more than 50 CO hypo-DMRs were merged to generate a list of candidate regions for hypo-DMR blocks. The boundary of the candidate regions were refined by scanning within the candidate regions using a 100 kb sliding window and step size of 10 kb. Windows containing more than 8 CO hypo-DMRs were merged into the final hypo-DMR block list.
Bioinformatics of transcriptome data
RNA-seq reads were mapped to gencode V10 annotation and hg19 reference genome with Tophat2 2.0.13 (Kim et al., 2013) . Mitochondrial and rRNA annotations were removed from the GTF file. Mapped RNAseq reads were counted and summarized to the gene level with HTSeq 0.6.1 using parameters '-s reverse -a 10 -t exon -i gene_name -m union' (Anders et al, 2015) . Differentially expressed genes were identified with edgeR 3.8.6 with FDR < 0.05 and Fold Change >= 2 (Robinson et al., 2010) . Multi-well organoids, telencephalic aggregates and CORTECON RNA-seq datasets were downloaded from GEO accessions GSE56796, GSE80073 and GSE61476, respectively and were mapped to gencode V10 annotation and hg19 reference genome with the same parameters as used for processing the cerebral organoids data. For the comparison between various in vitro differentiation systems, all RNA-seq data were counted uniformly by HTSeq in unstranded mode using the parameter '-s no', followed by normalization by edgeR.
For the analysis of repeat element expressions, RepeatMasker annotation of repeat elements for hg19 reference genome was downloaded from http://www.repeatmasker.org/species/hg.html. RepeatMasker annotation was converted to GTF format and was concatenated with gencode V10 gene annotation. Reads counting by HTSeq and differential expression analysis by EdgeR for repeat elements were performed similarly as for genes.
Identification of active transcription start sites (TSSs) in hESC and CO 60d
To identify active TSSs in hESC and CO 60d, reference guided assembly of transcripts was performed with Stringtie 1.2.2 for H9 hESC and CO 60d (Pertea et al., 2015) . The starting positions of assembled transcripts that located within 1kb from one another were merged and considered candidates of active TSSs. hESC TSS candidates that overlapped with H9 hESC H3K4me3 peaks, and CO 60d TSS candidates that overlapped with fetal brain H3K4me3 peaks were identified as active TSSs.
BRAINSPAN RNA-seq data processing and Co-expression network analysis
Identifications of putative enhancers and super-enhancers in fetal brain and adult cortex Putative enhancers in fetal brain or adult cortex were defined by H3K4me1 peaks that did not overlap with an H3K4me3 peak, an annotated TSS or an ENCODE blacklist region (http://hgdownload.cse.ucsc.edu/goldenPath/hg19/encodeDCC/wgEncodeMapability/wgEncodeDacMapabi lityConsensusExcludable.bed.gz). Super-enhancers were identified using ROSE (http://younglab.wi.mit.edu/super_enhancer_code.html) using the list of putative enhancers with parameters -s 12500 -t 2500 (Whyte et al., 2013) .
TF binding motif enrichment analysis TF binding position weight matrices (PWM) were obtained from the MEME motif database (chen2008, hallikas2006, homeodomain, JASPAR_CORE_2014_vertebrates, jolma2010, jolma2013, macisaac_theme.v1, uniprobe_mouse, wei2010_mouse_mw, wei2010_mouse_pbm, zhao2011) and scanned across the human hg19 reference genome to identify hits using FIMO (--output-pthresh 1E-5, --max-stored-scores 500000 and --max-strand) (Bailey et al., 2009; Grant et al., 2010 (G-J) Gene ontology term enrichment analyses were performed for genes with top 1,000 positive or negative loadings for PC1 and PC2 using DAVID 6.7 (Huang et al., 2009 ). (E) Position probability matrices (PPM) were created from the surrounding sequence of significantly methylated CH sites (binomial test, FDR<0.01), and were represented as sequence logos using Matlab seqlogo function. (D and E) H3K27me3+ DMVs were stratified by their mCG gains during CO differentiation and mCG levels in developed cortex. DMVs with mean mCG levels in CO 40d and CO 60d greater than 0.1 + mean mCG levels in H9 hESC were defined as CO+ DMV. DMVs with mean mCG levels in developed cortex (2yr -25yr) greater than 0.1 + mean mCG levels in H9 hESC were defined as Ctx+ DMV. Gene ontology enrichment analyses for genes that associates with type 1-4 DMVs were performed with DAVID 6.7. To determine the enrichment of repetitive element families in hypo-DMR blocks, genomic regions that matched the sizes of hypo-DMRs blocks were randomly selected using bedtools shuffle tool. The random selection was repeated for 1,000 times. The overlapping with repeat element families was determined for each randomly selected set of regions. Repeat element families that have more overlaps with hypo-DMR blocks than with any sets of the randomly selected regions were considered significantly enriched in hypoDMR blocks with p-value < 0.001. Figure 6 . (A) The density of DMR groups around TSS was computed using Matlab ksdensity function.
Figure S1
(C-F) Co-expression module preservations were evaluated with modulePreservation function of package WGCNA with parameters 'networkType = "signed", nPermutations = 50, randomSeed = 1'. (G) The enrichment of differentially expressed genes (fold change >=2) in co-expression module i was represented as log2(fraction of module i genes that were over-or under-expressed / fraction of all genes that were over-or under-expressed). The significance of enrichment was tested with hypergeometric test using hygecdf function of Matlab: hygecdf (number of module i genes that were over-or under-expressed, sample size of all genes, sample size of module i, total number of genes that were over-or underexpressed).
Supplemental Tables  Table S1 . Summary of DNA methylome and transcriptome sequencing. Related to Figure 1 and 2. Table S2 . Gene Ontology term enrichment of co-expression modules. Related to Figure 1 .
